INTRODUCTION
Little is known about the relationship between the variable (V) region pool used by the IgE-producing B cells and the V region gene pools used by B cells producing antibodies to other isotypes (1) . This is a question of considerable interest because the expression of shared idiotypic determinants by IgE and by IgG antibodies would suggest that the synthesis of antibodies of both isotypes could be regulated by the same set of idiotypic-antiidiotypic interactions.
In the course of our studies on antiidiotypic (antiId)' antisera to human antibodies against tetanus toxoid (TT) in man we came across an allergic subject whose serum contained significant amounts of IgE anti-TT antibody. In Received for publication 19 May 1981 and in revised form 3 November 1981. 1 Abbreviations used in this paper: antild, antiidiotypic; DT, diphtheria toxoid; P-K reaction, Prausnitz-Kustner reaction; TT, tetanus toxoid. present in the serum of that individual share idiotypic determinants suggesting that the IgE B cell has a V region repertoire similar to that of the IgG B cell.
METHODS
Human subjects. The subject whose IgG anti-TT antibodies were used to prepare the antild antiserum was a 22-yr-old male with a history of seasonal allergic rhinitis who had positive immediate hypersensitivity prick tests to multiple allergens including grass antigen. This subject gave no history of viral hepatitis and his serum lacked both hepatitis antigen and antibody and was VDRL negative.
The subject in whom the Prausnitz-Kustner (P-K) reactions were elicited was a 35-yr-old male who gave no personal or family history of allergy, who had negative immediate hypersensitivity prick tests to a standard battery of 36 skin test antigens and whose serum IgE level was <5 IU/ml. Consent was obtained from both individuals after the purposes of the study were explained to them.
IgE determination and radioallergosorbent tests (RAST). IgE and allergen-specific IgE were determined in the serum using the commercially available paper radioimmunosorbent (PRIST) and RAST assays (Pharmacia Fine Chemicals, Piscataway, N. J.). TT was cross-linked to cyanogen bromideactivated cellulose disks (2) . Samples that contained <5 IU IgE/ml (-12 ng/ml, the lower limit of sensitivity of the PRIST assay) and samples that were negative in the RAST assay for TT-specific IgE were analyzed for their content of IgE and IgE anti-TT using a solid-phase radioimmunoassay (3). The sensitivity of this assay for IgE is 15 pg.
IgG determination. IgG was determined by radial immunodiffusion using commercial plates (Calbiochem-Behring Corp., American Hoechst Corp., San Diego, CA). In samples containing <2 mg/ml IgG was determined by a fluid-phase radioimmunoassay on 100 1l of the appropriate dilutions of the sample (14) , with a lower limit of sensitivity of 3 ng.
Hemagglutination of sheep erythrocytes coated with TT. Hemagglutination titers of serum samples were determined as previously described (5) .
Antigens, antisera, and immunosorbents. TT and diphtheria toxoid (DT) antigens were obtained from Massachusetts Biological Laboratories, Boston, MA, and purified by Sephadex G 200 chromatography as previously described (5) . Grass All fractions were sterilized by filtration (0.45 um filter, Millipore Corp., Bedford, MA) and used immediately or frozen in 0.10 ml aliquots at -80°C. Frozen aliquots were thawed once right before use.
Elicitation of the P-K reaction. Skin sites in the flexor area of the recipient's forearm were sensitized by the intradermal injection of 20 gl of saline or of 20-tl aliquots from various fractions of the donor's serum used at dilutions of 1:10, 1:50, 1:100, 1:500, and 1:1,000 in normal saline. 48 h later the sites were challenged by the intradermal injection of 20 ,ul of the following: (a) normal saline, (b) preimmune rabbit IgG 10 mg/ml, (c) rabbit antild IgG (10 mg/ml per day), (d) TT (10 Mg/ml), and (e) grass antigen (500 protein nitrogen units/ml). For the next 20 min the skin sites were inspected for the presence of a wheal and flare reaction and at the end of the 20 min the size of the reaction was measured. A reaction was considered positive if the size of the wheal was threefold or more the size of the wheal present at the site of injection of saline. The rabbit IgG (10 mg/ml) used for elicitation of the P-K reaction was centrifuged for 30 min at 15,000 g to remove aggregates.
RESULTS
IgE antibodies in the serum and serum fractions of the idiotype donor. IgE antibodies to TT and grass antigen were present in the serum and to a lesser extent in the IgG-enriched fraction of the idiotype donor (Table I , lines 1 and 2). Following absorption of the IgG-enriched serum fraction over insolubilized rabbit antihuman IgE, its content of IgE dropped to 0.5 ng/ ml and IgE antibodies to TT and grass antigen became undetectable in this fraction (Table I, Radioimmunoassay of the antiId antiserum. The capacity of rabbit antiId IgG (10 mg/ml) to precipitate 125I-labeled IgG F(ab')2 anti-TT (idiotype) is depicted in Fig. la . At high concentrations, the antiserum bound 41% of the radiolabeled idiotype. In constrast rabbit antiId IgG failed to bind to 125I-labeled TT nonreactive IgG F(ab')2. Preimmune rabbit IgG bound negligible amounts (<1%) of radiolabeled idiotype (data not shown).
Inhibition of TT antigen binding to IgG by antiId antiserum. Rabbit antiId IgG inhibited by up to a maximum of 44% of the binding of TT antigen to IgG from the idiotype donor (Fig. lb) . In contrast, antild IgG did not inhibit the binding of DT antigen to the same IgG. Preimmune rabbit IgG failed to inhibit TT binding to IgG (data not shown).
Elicitation of P-K reactions by antiId antiserum. AntiId IgG, TT, and grass antigen each elicited a positive P-K reaction in skin sites that had been sensitized 48 h earlier with either serum from the idiotype donor or with Ig-enriched serum fraction, but failed to elicit a P-K reaction in skin sites sensitized with normal saline (Table II, lines 1, 2, and 4). No P-K reactions could be elicited in skin sites sensitized with serum and challenged with either saline or preimmune rabbit IgG (data not shown). In no instance was there a reaction at the skin sites within the first 5 min of the P-K testing suggesting the absence of immediate irritant reactions.
Concentrations of rabbit antiId IgG as low as 0.05 mg/ml could elicit a positive P-K reaction in skin sites sensitized with serum from the idiotype donor (data not shown). However, in all subsequent experiments the concentration of rabbit antiId IgG raised for the elicitation of the P-K reaction was 10 mg/ml to ensure an excess of antiId IgG.
Prior treatment of serum with heat (56°C, 1 h) abolished its capacity to sensitize skin sites for a P-K reaction (Table II, ing antibodies in the serum were of the IgE isotype. was lost after absorption over a rabbit anti-IgE imThis was confirmed by demonstrating that the ability munosorbent (Table II, In this experiment 1.5 ysg of IgG was used to bind 70% of the radioactivity present in 10 ng of '251-TT (~-.,500 cpm/ng) and 20,usg of IgG were used to bind 70% of the radioactivity in All serum fractions were prepared from the serum of the donor against whose F(ab92 anti-TT the antiId was raised. Each P-K test was performed on at least two separate occasions at a 10-d interval using the same recipient with exactly the same results. All readings were done blinded. ND, not detectable.
the anti-IgE immunosorbent and that was enriched for IgE was as efficient as unfractionated serum in its ability to sensitize for P-K reactions with TT, antiId IgG, and grass antigen (Table II, line 6 ). Because during the fractionation procedures mixed aggregates of IgE and IgG could have formed, the possibility was raised that the P-K reaction was caused by the interaction of antiId IgG with IgG linked to IgE rather than by the interaction of antiId IgG with IgE directly. To rule out this possibility the IgE-rich fraction was passaged over an anti-IgG immunosorbent, then absorbed with S. aureus to remove any residual IgG. Neither the absorption with anti-IgG nor the subsequent absorption with S. aureus affected the capacity of the IgE-rich fraction to sensitize skin sites for a P-K reaction with antiId IgG although the amount of IgG in the doubleabsorbed sample was reduced to <30 ng/ml, which was the lower limit of the sensitivity of the radioimmunoassay used for IgG. These results strongly suggest that the P-K reaction elicited by antild IgG resulted from the direct interaction of the antild with IgE. In all the above experiments, TT antigen seemed to be more efficient than antiId IgG in eliciting a positive P-K reaction in skin sites sensitized with serum and IgE containing serum fractions (Table II) . For instance TT elicited a P-K reaction in skin sites sensitized with serum diluted down to 1:500 whereas antild IgG failed to elicit a P-K reaction in skin sites sensitized with serum diluted to lower than 1:100 (Table II, line 2) . Specificity of the IgE antibody involved in the P-K reaction. The antigen specificity of the IgE antibody involved in the P-K reaction elicited by the antild IgG was next examined. Absorption of the IgE-rich serum fraction against TT totally abolished its capacity to sensitize skin for a P-K reaction with antiId IgG and TT but did not affect its capacity to sensitize for a P-K reaction with grass antigen (Table III, lines 1 and  2) . Absorption of the IgE-rich fraction against insolubilized DT antigen did not affect its capacity to sensitize skin for a P-K reaction with antiId IgG (Table  II, line 3) . Absorption of IgE-rich serum fractions against antiId IgG resulted in a total loss of their capacity to sensitize skin for a P-K reaction with antiId IgG and in a partial loss of their capacity to sensitize skin for a P-K reaction with TT, but did not affect their capacity to sensitize skin for a P-K reaction with grass antigen (Table III, line 4 ). In contrast, absorption of the IgE-rich serum fraction against rabbit preim- Each P-K test was performed at least on two separate occasions at a 10-d interval using the same recipient with exactly the same results.
mune rabbit IgG did not affect its capacity to sensitize skin sites for a P-K reaction with TT, or antild IgG (Table III, line 5) .
TT, but not antiId IgG, or grass antigen could elicit a P-K reaction in skin sites sensitized with serum from an unrelated subject that contained IgE antibodies to TT (11.2% '25I-anti-IgE binding to TT-coupled disk in RAST assay) but not to grass antigen (Table II, line 6).
DISCUSSION
The studies reported in the present communication demonstrate that human IgG and IgE antibodies to TT share idiotypic determinants because an antild serum raised against purified IgG F(ab')2 anti-TT (idiotype) was able to elicit a positive P-K reaction when injected into normal skin sites previously sensitized with IgE anti-TT containing serum derived from the idiotype donor.
Because it has been previously reported that human IgG can sensitize skin for a P-K reaction (6) it was imperative to demonstrate that the positive P-K reaction elicited by the antild antiserum was due to the interaction of the antiserum with idiotypic determinants expressed on IgE anti-TT antibodies present in the sensitizing serum. This was indeed the case because serum lost its capacity to sensitize for a P-K reaction following heat treatment (56°C, 1 h) (Table II, line 3) and because the Ig-enriched serum fraction totally lost its capacity to sensitize for a P-K reaction following its absorption over an anti-IgE column (Table II, line   5) . Furthermore, it was demonstrated that the P-K reaction resulted from interaction between antild antiserum and IgE in the IgE-rich fraction rather than between antild antiserum and IgG, which could have formed mixed aggregates with IgE during the storage and fractionation procedures. Indeed, absorption of the IgE-rich fraction over an anti-IgG column, followed by absorption over S. aureus removed all detectable IgG from the IgE-rich fraction without affecting the capacity of this fraction to sensitize skin for a P-K reaction with antild (Table I , lines 7 and 8).
The P-K reactions elicited by the rabbit antild antiserum and IgE antibodies resulted from interaction of the rabbit antild antiserum with idiotypic determinants on IgE anti-TT antibodies rather than from interactions involving allotypic determinants on IgE. This is because antild IgG did not elicit a P-K reaction in skin sites sensitized with IgE-enriched material that has been preabsorbed with TT (Table III , line 2). The possibility that the P-K reactions observed with antild IgG resulted from idiotypic interactions involving determinants specific for IgE anti-TT antibodies rather than determinants shared by IgG and IgE antibodies to TT was considered. However this seems extremely unlikely because the IgG F(ab')2 anti-TT fraction used to raise the antild antiserum contained undetectable amounts (<150 pg/ml) of IgE, making it improbable for IgE anti-TT antibodies contaminating this fraction to be present in enough quantities to be immunogenic.
Although the data presented in this paper indicate that anti-TT antibodies of the IgE and IgG isotypes share idiotypic determinants, they do not rule out the presence of additional idiotypic determinants that would be specific for one or the other of the two isotypes. This is because the antiId antiserum we used reacted only with a fraction of IgG anti-TT antibodies (Tables II and  III) . The failure of the antild antiserum to react with all the IgG anti-TT antibodies is not surprising because the IgG anti-TT antibodies used to raise the antild are a mixture of heterogenous clonotypes some of which are present in quantities too low to elicit an antild response in the rabbit (7) . Nevertheless, despite the heterogeneity of idiotypic determinants recognized by our antild serum, we have clearly shown previously that after appropriate absorptions our antild antiserum recognizes anti-TT-specific idiotypic determinants that are also restricted to the idiotype donor (reference 5 and Fig. 1 ). The present work further illustrates that the idiotypic determinants detected on IgE anti-TT antibodies are restricted to the idiotype donor. Indeed, absorption of the IgE-rich fraction over DT antigen did not affect its interaction with antild in a P-K reaction (Table III, (8) that the vast majority of murine IgE-secreting clones were also secreting at least two other isotypes in addition to IgE. As demonstrated by Ishizaka (9, 10), Katz (11) , Buckley (12, 13) , Saxon (3) , us (14) , and others IgE synthesis in experimental animals and in man is regulated by isotype-specific T cells, serum factors, and cell-derived factors. Not much is known, however, about the fine specificity of the regulation of the synthesis of antigen-specific antibody. Such regulation clearly occurs in the case of IgG, both, in experimental animals and in man (15) . In the case of IgE, Blaser et al. (16) have demonstrated that administration of antild antibodies suppressed IgE synthesis in response to the benzylpenicilloyl determinant in vivo for prolonged periods of time.
In light of the above data on the role of idiotypicantiidiotypic interaction in immune regulation, our present data raise the important question of whether idiotypic-antiidiotypic interactions play a role in the regulation of human IgE synthesis. In this regard, we have previously demonstrated that such interactions can regulate human IgG anti-TT synthesis in vitro (17, 18) . Furthermore, we have recently demonstrated that rabbit antild raised against antibodies to TT can specifically regulate IgE anti-TT synthesis in vitro in man and we have been able to demonstrate the appearance of autoantiidiotypic antibodies to anti-TT following booster immunization with TT antigen.3 Whether modulation of specific IgE antibody synthesis occurs in vivo via idiotypic-antiidiotypic interactions as the above results suggest, remains to be determined. One situation currently under study in which this modulation may take place is immunotherapy with specific antigens in subjects with allergic diseases.
